-and NH 4 + ) on BG plots 2 weeks after surface application of soybean meal each year, but stopped having an effect on soil mineral N by February or March. Split applications of soybean meal could be an important improvement in N management to better meet increased demand for N uptake during bulb initiation and growth in the spring.
Conservation tillage practices promote soil quality and fertility in accordance with organic principles (Peigné et al., 2007) ; however, conservation tillage in organic systems is particularly challenging. Peigné et al. (2007) emphasized that success of conservation tillage in organic systems is highly influenced by management of crop rotation for weed and disease control and nitrogen availability. Cover crops used in rotation with cash crops require additional management; however, they also contribute multiple services such as nitrogen (N) fixation and contribution to subsequent crops; weed, disease, or pest suppression; reduction of topsoil and agrochemical runoff; increase in soil organic matter; and scavenging of residual N after shallow-rooted crops (Cherr et al., 2006a; Lu et al., 2000) . The selection of cover crop species suitable for crop rotation, climate, and specific desirable services is important for integration into diverse farming systems. In the southeastern United States, heat-tolerant cover crops can be grown between spring and fall vegetable production (Creamer and Baldwin, 2000) .
In conservation tillage, surface residues are generally unharvested crop remains or cover crops that were killed with herbicides or mechanical methods, the latter in an organic system (Creamer and Dabney, 2002) . Frost kill of certain cover crops is an organic option that could circumvent cover crop regrowth problems because mechanical kill techniques are highly dependent on plant growth stage (Ashford and Reeves, 2003) .
Use of summer cover crops for no-till fall cropping is an option in climates warm enough for a fall production season. No-till vegetable production after a summer cover crop compared with tilled bare ground resulted in higher or equivalent yield for lettuce (Wang et al., 2008) and broccoli (Abdul-Baki et al., 1997a) . Wang et al. (2008) also compared organic and conventional management systems over a 5-year period and found organically grown lettuce had lower yields the first 2 years but equivalent or greater yields in the subsequent 3 years compared with conventional production.
Legume and grass cover crops provide different benefits to subsequent cash crops. Legumes fix atmospheric N and generally have a tissue C:N ratio favorable to rapid decomposition and N mineralization compared with a grass (Creamer and Baldwin, 2000) . Grass mulch or residue is more suited to provide physical weed suppression because it decomposes more slowly, but it may also cause N immobilization that would adversely affect a subsequent cash crop. In a comparison of soil-incorporated summer cover crops, lettuce yield was lower after a grass than a legume cover crop, but these same plots, no-till planted in spring to muskmelon, produced equivalent melon yields that were greater than yields on bare ground (Wang et al., 2008) . This suggests that the grass caused some initial N immobilization, yet decomposition of the residues contributed to yield of the spring crop. A useful strategy to avoid N tie-up is to add another N source to a grass cover crop.
Legume cover crops can provide some or all of the N required for subsequent cash crop production. A meta-analysis comparing N supplied by fertilizers on bare ground versus legumes grown with no additional N fertilizer found that if the legume biomass was sufficient (containing at least 110 kg N/ha), then there was no significant difference in crop yield between the two strategies (Tonitto et al., 2006) . However, legume cover crops may not provide sufficient N for optimal yield of a subsequent vegetable crop (Abdul-Baki et al., 1997b) , especially in warm temperate environments (Cherr et al., 2006b) .
Supplemental N applications can be used to address the challenge of coordinating timing of N mineralization of plant residues to meet crop demand. Manure-based N fertilizers, a common organic fertility option, can lead to soil phosphorus loading with overuse. Legume seed meals have relatively high N content, which makes them suitable candidates for organic N fertility sources (Müller and von Fragstein und Niemsdorff, 2006; Stadler et al., 2006) . Soybean meal is the byproduct of soybeans [Glycine max (L.) Merrill] pressed for oil and is a relatively concentrated source of N (8% N) that can be used as an organic fertilizer (Gaskell and Smith, 2007) .
Mixtures of grass and legume cover crops grown in combination can provide greater benefits than either grown alone. Grasslegume mixtures can increase cover crop biomass production compared with their respective monocultures (Sainju et al., 2005) . When compared with a legume monocrop, grass-legume mixtures can provide equivalent N release while improving N use efficiency of a subsequent crop by moderating the release of cover crop N Wagger, 1997a, 1997b) . Surface residues of grass-legume mixtures improved weed control compared with the legume monocrop without use of herbicides as measured by reduced weed emergence (Teasdale and Abdul-Baki, 1998 ). The relative composition of grass to legume in mixtures influences the overall N content and C:N ratio of the residue (Ranells and Wagger, 1997b) and therefore mixture composition could influence the effect of the cover crop residue on a subsequent crop.
Cover crop residues have the potential to reduce weed pressure, but additional weed control is often necessary. Weed control was insufficient in organic no-till pepper production using a flail-mowed legume as a mulch (Chellemi and Rosskopf, 2004) or flailmowed grass monocrop and grass-legume mixtures compared with mechanical cultivation (Díaz-Pérez et al., 2008) . However, in no-till desert production of bell pepper, a cowpea surface residue treatment, with or without hand weeding, had higher fruit yield than bare-ground treatments and provided sufficient season-long weed control (Hutchinson and McGiffen, 2000) . A dense uniform mulch of in situ subterranean clover provided good weed control for a subsequent lettuce crop (Stirzaker et al., 1993) . Cover crop mixtures suppressed weeds as effectively as a herbicide-controlled treatment for no-till tomatoes 4 weeks after transplanting (Herrero et al., 2001) . Creamer et al. (1996a) reported season-long weed suppression using cover crop mixtures was equivalent to herbicide treatments with or without cover crops for no-till tomatoes. Teasdale and Mohler (2000) showed a strong positive correlation between mulch biomass (e.g., cover crop residue mulch) and weed suppression and attributed increased weed control to physical properties of the mulch on the soil surface.
Bulb onions can be fall-planted for overwintered production in the southeastern United States. The average fall frost date for eastern North Carolina is mid-or late October (Perry, 1996) , which would allow for frost kill of a susceptible cover crop to correspond with onion transplanting. Onions pose a particular challenge for weed control as a result of their sparse vegetative structure, which allows for greater weed competition than crops that produce a closed canopy. Organic onions grown in Georgia are most often produced by transplanting into plastic mulch for weed control. With in situ cover crop mulch, no-till transplanting equipment can be used to cut through surface residue, create a narrow furrow for the transplant, and close the furrow with weighted press wheels (Treadwell et al., 2008) .
Winter cropping using summer cover crop residue for N and weed suppression with surface-applied organic amendment N have not been thoroughly studied. Low winter temperatures slow residue decomposition, which could enhance mulch-based weed control during a season when weed pressure is generally less and could contribute to a prolonged period of N mineralization for cash crop uptake. This study assessed the contributions of summer annual grass and legume cover crops in different mixture ratios or monocultures and rates of soybean meal as an N amendment on overwintered, no-till, organically managed onion production.
Materials and Methods
Site description. The experiments were conducted in 2006-2007 and 2007-2008 Experimental design. Cover crop treatments were grown during the summer (from July through October) followed by no-till transplanted onions in the fall for overwinter production (from November to May). The field experiment was managed according to the U.S. National Organic Program production standards (USDA Agricultural Marketing Service, 2006) .
The study was a split plot on a randomized complete block design with six replications. Main treatment cover crop plots were divided into three N rate subplots. Cover crop treatments were:
Walp.] (COW); 3) mixtures of millet and cowpea (three treatments); and 4) a bare ground control (BG). The three mixture treatments differed in seeding rates of millet, which were aimed at producing 70%, 50%, and 30% millet per total mixture biomass at cover crop maturity respectively) . After onion transplanting, three N rate treatments of soybean meal containing 0, 105, and 210 kg N/ha were applied to each cover crop treatment.
Cover crop management. Field preparations in July, of each year, included tillage necessary to incorporate residue from previous grain crops and preparation of a uniform seedbed for cover crop seeding. Nitrogen fertility for the cover crops was applied in the form of stockpiled turkey litter (3.5% and 4.4% N in 2006-2007 and 2007-2008 , respectively) with a manure spreader truck at %4. ) and in one MIX plot per repetition to achieve 50% of the respective total cover crop biomass (a formulated MIX-50).
Onion production. An Organic Materials Review Institute-approved potassium sulfate (K 2 SO 4 ) was applied at 43 kgÁha -1 and 63 kgÁha -1 of potassium (based on NCDA&CS Agronomic Division soil test recommendations for 2006-2007 and 2007-2008, respectively) in the fourth week of October each year.
Eight-week-old 'Texas Grano 1015Y' onion seedlings were transplanted during the first week of November in both 2006-2007 and 2007-2008 . Onion seedlings were planted in three rows 38 cm apart on the bed with 10-cm in-row spacing using a subsurface tiller-transplanter (SST-T Model 2000; B&B No-Till, Laurel Fork, VA) with modified Holland Transplanter Model 1600 units (Holland Transplanter Co., Holland, MI) .
N rate treatments were applied close to 4 weeks after onion transplanting using soybean meal at rates of 0, 105, and 210 kg N/ha. These N rates were chosen as 0%, 75%, and 150% of the total N fertilizer (140 kgÁha -1 ) recommendation for bulb onion production in the southeastern United States (Sanders, 2004) . A 0 kgÁha -1 N rate was included to evaluate the N contribution from cowpea residue. An N rate exceeding the recommended rate was included to compensate for potential incomplete soybean meal N mineralization and N immobilization from millet residue. Soybean meal (8.2% N) was surfaceapplied on 28 Nov. and 29 Nov. in 2006 Nov. in -2007 Nov. in and 2007 Nov. in -2008 , respectively, at 0.85 and 1.7 tÁha -1 uniformly across the 1.2-m wide bed-top area for the 105 and 210 kg N/ha treatment subplots, respectively. Target N rates (105 and 210 kgÁha -1 ) were thus achieved on a bed-top area basis.
Each subplot had a 4.3-m length of bed that was hand-weeded twice during onion cropping, whereas the remainder of the subplot was left weedy to evaluate the weed suppression potential of each cover crop treatment. Data were collected from the center 3 m of the weeded area so as to have weeded buffer areas. The first weed control event was 15 Jan. and 10 Jan. and the second weeding on 22 Mar. and 15 Apr. in 2006-2007 and 2007-2008, respectively . Hand pulling of weeds minimized disturbance of cover crop residues.
Onions were overhead-irrigated as needed each year. Onions were harvested in late May each year, 205 d after transplanting.
Data collection
Cover crop biomass and nitrogen. Cover crop biomass was measured for each treatment after roll-down from a frame 0.5 m 2 in 2006-2007 and 1.0 m 2 in 2007-2008. Each biomass sample was separated into component cover crop species and weeds. All cover crop biomass was dried at 60°C for 48 h, weighed, ground, and analyzed for total N and carbon (C) on a Perkin-Elmer 2400 CHN elemental analyzer (Perkin Elmer Corp., Norwalk, CT). In 2006-2007, supplemental millet was sampled with a bale corer from the middle of bale ends for total N and C analysis using the same procedure.
Soil sampling. Soil mineral N status was evaluated for all cover crop treatments on three different dates relative to onion production: preplant (at cover crop maturity in October), bulb initiation (March), and onion harvest (May). In 2007-2008, a fourth sampling date was added midseason (February). Additionally, soil sampling events were conducted on BG treatment N rate subplots every 2 weeks from application of soybean meal until onion harvest. Soil samples from separate 0-to 15-cm and 15-to 30-cm depths consisted of three soil cores taken within 10 cm of each onion row. Soil samples were air-dried on greenhouse benches, fumigated with methyl bromide (to prevent spread of C. benghalensis seeds), homogenized, and extracted with 1 M KCl. Extracts were analyzed for NH 4 + -and NO 3 --N using flow injection analysis methods for colorimetric determination with a QuikChem IV (Lachat Instruments, Loveland, CO). The sum of NH 4 + and NO 3 -is presented as total soil inorganic N.
Weed evaluation. Weed evaluations included percent weed cover and weed density taken before each of the two weeding events in the weeded area of subplots. Percent weedy cover was evaluated using a modified Braun-Blanquet cover-abundance scale that rated the percent of ground surface area covered by weed foliage in the following categories of percent weeds: 2.5% or less, 2.5% to 5%, 5% to 10%, 10% to 25%, 25% to 50%, and 50% to 75%. Weed density was taken from 0. Onion yield. Onions were harvested by hand from 3 m of bed in weeded areas of each subplot and separately from 0.6 m of bed in the weedy area of subplots. As a result of high rates of onion flowering each year (average bolting rates of 28% and 72% in 2006-2007 and 2007-2008, respectively) , bolted onions were harvested for data collection. During field harvest, roots were trimmed and stems cut at 5 cm above the bulb. Bulbs were airdried under shelter with through breezes for up to 1 week. Onion bulbs were graded in accordance with the U.S. grade standards for Granex type onions as marketable (U.S. No. 1, U.S. No. 2) or cull (primarily bolted onions) and into size classifications (USDA, 1995) . Size classes were determined by equatorial diameter as small (less than 5 cm), medium (5.0 to 7.6 cm), or large (greater than 7.6 cm). After drying, all bulbs were counted and weighted, and marketable onions were sized. Bulb tissue N was determined from eight to 12 marketable bulbs from which wedges were cut, dried, ground, and analyzed for total N content by frontal chromatography with a Perkin-Elmer 2400 CHN elemental analyzer (Perkin Elmer Corp.).
Statistical analysis. Data were analyzed with analysis of variance using PROC GLM and PROC MIXED [Version 9.1; Statistical Analysis Systems (SAS Inc., Cary, NC), 2007]. Mean comparisons were generated using Fisher's protected least significant difference (P # 0.05). As a result of significant treatment-by-year interactions, data were analyzed separately by year.
N rates from 0 to 210 kg N/ha generally had a positive linear effect on onion yield, and several onion yield variables showed significant cover crop by N rate interactions. Onion yield data were therefore analyzed for N rate linear and quadratic effects on cover crop treatments. Three orthogonal contrasts were run to compare 1) MIL versus COW; 2) MIL versus MIX-50; and 3) COW versus BG. The same three contrasts were run to compare their respective N rate linear and N rate quadratic effects. N rate quadratic contrasts were nonsignificant for variables analyzed unless otherwise noted.
Results and Discussion
Weather. Cover crop and weed biomass at cover crop maturity. In both experiments (2006-2007 and 2007-2008) , cowpea biomass was in the expected range or higher, whereas millet biomass was low, especially in 2006-2007 (Table 1) . Cowpea biomass at maturity is typically in the range of 2.8 to 5.0 tÁha -1 , and cowpea 'Iron & Clay' grown in eastern North Carolina had biomass of 4.0 tÁha -1 (Bowman et al., 1998; Creamer and Baldwin, 2000) . Foxtail millet grown for forage generally produces 6.7 to 9.9 tÁha -1 biomass, and German foxtail millet grown in eastern North Carolina had biomass of 4.6 tÁha -1 (Creamer and Baldwin, 2000; Oelke et al., 1990) .
In 2006-2007, after supplemental millet was applied to MIL and MIX treatment plots, total cover crop biomass was highest for MIX and equivalent for MIL and COW, whereas in 2007-2008, total cover crop biomass was equivalent across all cover crop treatments (Table 1) . Cover crop N concentration averaged 20 g N/kg for both millet and cowpea in 2006-2007, whereas in 2007-2008, millet and cowpea averaged 14 and 19 g N/kg, respectively. Millet N concentrations were higher than found in other studies in which millet had 10 g N/kg (Abdul-Baki et al., 1997a; Creamer and Baldwin, 2000) . , drought conditions caused some seedling millet mortality by 3 weeks after seeding and cowpea plants after seedling stage were heavily browsed by deer, which likely reduced final biomass despite cowpea regrowth. The C:N ratio of all mulches except MIL in 2007-2008 was less than 30:1 and therefore was in the theoretical range in which net N mineralization occurs.
Soil nitrogen. Cover crop treatments significantly affected soil N at the time of onion transplanting in both experiments (Table 2) . At cover crop maturity in 2006 -leaching through the soil profile below 30 cm because of unusually low rainfall in the summer of 2007. In both years, turkey litter was field-applied before cover crop seeding and therefore N was also .4 a 88 a 20.6 bc z N concentration is sum of organic and inorganic N. y Millet additions from an area seeded at the same time as cover crop treatments, grown, and baled directly adjacent to the experimental plots and distributed by hand on bed top area after onion planting. x Weed biomass variable square root transformed for homogeneity of variance before analysis and back transformed for presentation. w Total N in cover crop biomass, including millet additions, which had N concentration of 20.2 gÁkg -1 . v MIL = millet; MIX-70, MIX-50, MIX-30 = cowpea with high, middle, and low seeding rates of millet, respectively; COW = cowpea. u Mean separation within column and year by Fisher's protected least significant difference (P # 0.05) where least significant difference letters are presented. t MIX in 2006-2007 was one mixture plot per block with millet additions to adjust to target percent millet (50%) while maintaining total biomass within a range of 2.25 tÁha -1 . applied on BG plots, which did not have a cover crop that would take up soil N.
The effect of N rates on BG soil N was similar in both 2006-2007 and 2007-2008 (Figs. 2 and 3) . Within 2 weeks of the surface application of soybean meal in late November, there was a significant difference among N rates in the 0-to 15-cm depth, which suggests that N was being mineralized from the soybean meal even in the cool weather of early December. At 2 weeks after soybean meal application in 2006-2007, there was also a significant N rate effect on soil N at the 15-to 30-cm depth, whereas in 2007-2008, significant differences in the 15-to 30-cm depth were not apparent until 8 weeks after application (late January). Soybean meal application (105 and 210 kg N/ha) increased soil N compared with the 0 N treatment for the duration of at least 2 months in 2006 and nearly 3 months in 2007 (through late Feb. 2008 in the 0-to 15-cm depth. In Mar. 2008 Mar. (2007 Mar. -2008 , there was a significant N rate effect on soil N in both depths when considered across all cover crop treatments (Table 2) but not on BG alone (Fig. 3) .
The increased soil mineral N in the 15-to 30-cm depth where soybean meal was applied (105 and 210 kg N/ha rates) on BG indicates that N was moving through the soil horizon from surface-applied soybean meal (Figs. 2 and 3) . Onion plants were still small at this time and therefore some N from soybean meal mineralization was possibly lost below the shallow onion root zone or immobilized, especially in the 210 kg N/ha treatment. Early in the onion production season, the 105 kg N/ha rate caused less of an increase in soil N in the lower 15-to 30-cm depth than the 210 kg N/ha rate and therefore could possibly be used as a starter fertilizer that would minimize N leaching. Recommended N application at transplanting for bulb onion production is 56 to 84 kg N/ha with an additional 28 to 56 kg N/ha sidedress at least 1 month after transplanting or several sidedress applications spaced 1 month apart during active growth in the spring (Sanders, 2004) .
Late in the onion production season, there were a few instances when N rate had a significant effect on soil N (Table 2; Figs. 2 and 3). This suggests that additional N was being mineralized from the remaining soybean meal over time and was perhaps aided by higher temperatures in late spring.
Weed evaluations. In 2006-2007, the predominant weeds were henbit (Lamium amplexicaule L.) and cutleaf evening primrose (Oenothera laciniata Hill). At the first weeding in 2006 (15 Jan. 2007 ), the greatest weed interference was in COW, which had the highest weed cover and high weed density (Table 3) . BG had high weed density equivalent with COW but had lower percent weed cover. At that time, weed interference was also greater in treatments in which soybean meal had been applied (105 and 210 kg N/ha), which had greater percent weed cover than the 0 N rate. This suggests that N was being mineralized from soybean meal and cowpea residue in the months of December and January, which was contributing to weed growth. MIX and MIL treatments had more residue remaining on the soil surface than COW in mid-January (2006) (2007) and weed suppression could be attributed to physical cover from the millet residue.
By the second weeding in 2006 (Mar. 2007 , weed density and percent weed cover were not different among cover crop treatments, but the 0 N rate again had the highest weed density (Table 3) . Weeds on 0 N rate treatments were generally smaller than weeds on 105 and 210 kg N/ha rate treatments on both weeding dates, and therefore higher weed density did not equate to greater percent weed cover. Total weed densities were lower by half or more for all cover crop treatments at the second weeding compared with the first weeding.
In 2007-2008, the predominant weed was rye (Secale cereale L.) and by the second weeding date (March) in weed-controlled areas, purple cudweed (Gnaphalium purpureum L.) and horseweed [Conyza canadensis (L.) Cronquist] were more prevalent than other weeds. At both the first and second weeding events in (Jan. and Apr. 2008 , BG had the lowest weed interference (Table 3) In weedy areas of each subplot at onion harvest, weeds nearly completely covered the ground.
Onion mortality. Onion mortality was over 50% in MIL and MIX plots in 2006-2007 (Table 4 ). In 2007-2008, onion mortality was close to zero except for MIL at 105 and 210 kg N/ha rates but even then, mortality was below 20%. After the second week in Dec. 2006 Dec. (2006 Dec. -2007 , after freezing night temperatures down to -9°C, cold injury on onion plants was obviously more severe on MIL and MIX plots than COW and BG (visual observation). In Dec. 2007 Dec. (2007 Dec. -2008 , temperatures dropped below -8°C and cold damage appeared to be more severe in some areas on MIL plots where residue was thick and close on either side of the onion row than on other cover crop treatments. Residue coverage on MIL in 2006-2007 was very uniform across the bed top and around onion transplants as a result of hand application of supplemental millet. In contrast, MIL in 2007-2008 had strips of bare ground exposed as a result of millet seeded in rows and rolled down parallel to those rows. The physical thickness of the millet mulch, compared with cowpea mulch or no mulch, likely reduced absorption of heat during the day and heat radiation at night that would have contributed to formation of frost, which explains the increased plant freeze injury (Downer et al., 2002) .
After onion mortality in Dec. 2006-2007, remaining MIL and MIX treatment onions exhibited uneven growth and plant size. A follow-up study in 2006-2007 assessed the presence of water-soluble allelopathic compounds in the baled millet, which was used to supplement MIL and MIX plots. Baled millet was tested as either unmodified or rinsed in water for 20 h (Creamer et al., 1996b ) and compared with a bare surface control treatment in the field (five replications) and in greenhouse flats (six replications) planted with onion seedlings and grown for 8 weeks.
No onion growth differences were apparent between the unmodified and rinsed millet mulch treatments, both of which outperformed the bare surface treatment in terms of plant weight and onion mortality in the greenhouse and field, respectively (data not shown).
Onion yield. Sweet onions such as 'Texas Grano 1015Y' are sold by weight and size grades determined by bulb diameter. As presented here, marketable onion yield does not include small onions (less than 5.0 cm diameter), whereas total bulb yield includes small and bolted onions. Marketable onion yield showed a significant cover crop by N rate interaction in 2006-2007 but not in [2007] [2008] , although both years, there was a highly significant linear response to N rate (Table 5 ; Fig. 4) . Although BG had higher large-grade onion yield than COW in 2006-2007, the contrast of COW versus BG total marketable yield showed them to be equivalent both years. In 2007-2008, total marketable weight across N rates was highest with BG, COW, and MIX-30, which were significantly greater than MIL.
Losses in marketable yield were primarily the result of mortality in MIL and MIX in 2006-2007 with over 80% medium-and large-grade onions (Sargent et al., 2001) .
Onion bolting reduced marketable yield in both 2006 , bolting rates were greater than 50% for all treatments (Fig. 5) . In both 2006-2007 and 2007-2008 , the contrast of MIL versus COW showed that MIL had a lower rate of bolting and a shallower N rate linear effect on bolting (Table 5) . MIL had significantly less bolting than all other cover crop treatments in [2007] [2008] . Flower initiation in onions is influenced by onion cultivar, plant size or age, and several environmental factors, including photoperiod, temperature, and plant N status. Onion juvenility lasts until the plants reach a certain critical size and is often measured in terms of plant weight or number of leaves. A postjuvenile onion plant is receptive to vernalization, which is essential for floral initiation, and the rate of flower initiation increases with plant size (Brewster, 2008) . Although not quantified in this experiment, decomposition of cover crop residues could have influenced midseason onion plant size and in turn differing rates of flower initiation. N immobilization from MIL in [2007] [2008] , which had an initial C:N ratio over 37:1, could have contributed to smaller midseason plant size in MIL and in turn reduced the rate of bolting.
N rate had a significant negative linear effect on bolting from 0 to 210 kg N/ha in both years (Table 5 ; Fig. 5 ). This finding corresponds with other studies that found Table 3 . Weed density and percent cover before weeding events and onion harvest as affected by nitrogen (N) rate in 2006-2007 and 2007-2008 . Density (m -2 ) Percent cover 2006-2007 2007-2008 2006-2007 2007-2008 2006-2007 2007-2008 2006-2007 2007-2008 2006-2007 and 2007-2008 experiments, respectively. y Weed density variables for both weeding events both years were square root transformed for homogeneity of variance before analysis and back transformed for presentation.
x Statistical analysis was performed on class ratings of a modified Braun-Blanquet scale. Values presented are rate class means converted to a percent weedy cover scale. w MIL = millet; MIX-70, MIX-50, MIX-30 = cowpea with high, middle, and low seeding rates of millet, respectively; COW = cowpea; BG = bare ground. N rates 0, 105, and 210 kg N/ha of soybean meal. v Mean separation within column and year by Fisher's protected least significant difference (P # 0.05). NS, *, **, ***Nonsignificant or significant at P # 0.05, 0.01, and 0.0001, respectively. bolting decreased with increasing fertilizer N rates (Díaz-Pérez et al., 2003 , 2004 . Díaz-Pérez et al. (2003) showed that N concentration in bulb tissue had a positive linear correlation with rate of N fertilization and further that bolting decreased with increasing bulb N up to 1.7% bulb N and then leveled off. Although there was a significant linear correlation between increasing N rates (0 to 210 kg N/ha) and bulb N in 2006-2007, N rate was not significant in [2007] [2008] (Table  4) . Furthermore, there was no apparent linear relationship between bulb N and rate of bolting either year. Onion yield in weedy areas of subplots was prohibitively low as a result of intense weed interference. In both years, marketable onion weight was less than 1 tÁha -1 for all weedy cover crop and N rate treatments (data not shown).
Conclusions
Cowpea shows promise as a summer cover crop used as a residue-mulch for fallplanted crops such as overwintered onion. COW produced comparable onion yields to BG in both years of this experiment.
In commercial operation, weed control for large-scale organic production using in situ cover crop residues would be a major challenge and expense. Management to reduce weed seed banks and careful selection of lowweed pressure fields would be essential to making it commercially feasible. That type of management is possible and has been achieved on certain exemplary farms (Hinman, 2006) . Although COW had high weed interference, just two thorough hand-weeding events were sufficient to maintain onion yields.
This experiment found that foxtail millet is not a desirable cover crop for this system of no-till overwintered vegetable production. It appears that ground coverage and thickness of the grass residue negatively affected onion plant stand and overall yield. Millet in a mixture with cowpea either reduced onion yield or had comparable yield to cowpea as a monocrop. Although MIL did reduce weed interference in 2006-2007 compared with COW, there was no significant difference in [2007] [2008] . In addition, foxtail millet appears to be Table 5 . Bolting frequency, total yield, and marketable large grade and total yield significance levels of main and interaction effects of cover crop and nitrogen (N) rate in 2006-2007 and 2007-2008 a poor choice for a midsummer-seeded cover crop in eastern North Carolina as a result of its susceptibility to foliar disease. Soybean meal shows potential as an effective source of N even when surfaceapplied in cool weather months. The 105 kg N/ha rate could potentially serve as a starter fertilizer with a subsequent application in the spring, which could reduce N loss through leaching from the 210 kg N/ha rate applied all at once. Because the peak soil mineral N on fertilized plots did not correspond with onion uptake, split applications of soybean meal could be an important improvement on the one application management scheme used in this experiment (Sullivan et al., 2001 ). This study showed that N would be available for plant uptake in less than 2 weeks after surface-applying soybean meal, which facilitates the use of soybean meal in multiple applications tailored to timing of crop plant demand.
